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Summary
Mosquito coil is one of the cheapest mosquito destroyers that people
in the developing countries can afford to use in the prevention of mosquito
bites during the hot summer nights. It is composed of organic fillers, binders,
fungicides, perfumes, in addition to the active ingredient of insecticides
within which pyrethrins, allethrin, lindane and even the toxic compounds such
as DDT are always used.
The inhaled toxicity of a popular commercial brand of mosquito coil
was studied on the different age groups of albino rats for 60 continuous days,
8 hours daily. The change of the growth rate was probably due to the lower
rate of water and food uptake after being treated with mosquito coil smoke.
The elevation of the serum enzymes, glutamate-oxalacetate transaminase,
glutamate-pyruvate transaminase, leucine aminopeptidase and lactate dehydro--
genase in three age groups of treated rats was consistent with the histo-
pathological observations of damage to the appropriate organs, including
the presence of bronchitis, pneumonia, proliferation of alveolar cells,
metaplasia of the tracheal epithelial cellE, liver cell necrosis and hydropic
degeneration of proximal convuluted tubules. Different age groups of albino
rats showed various responses to the treatment. Comparatively speaking,
the most severe damage of the lungs and the trachea was in the youngest rats
(Group l) while hepatic damage was found most serious in the eldest rats
(Group 3). The effects on the kidney were found to be nearly the same in all
three groups.
The toxic effects of the mosquito coil may be due to the insecticides,
however, other constituents such as the binders, fungicides, organic fillers
may cause toxic effects. Further investigation is needed in order to pin-
point the effect of each component on living organisms. Detailed information
and equipment about the formation and maunfacture of the commercial mosquito
coils are therefore necessary.
1I. Introduction
Mosquito coils have been used for many years in tropical countries
bacause of the lower price and simple formulations. Mosquito coils normally
contain pyrethroids, either natural pyrethrum flowers or one or other several
synthetic analogueso These insecticides have a very long history of safety,
especially natural pyrethrum which has been used extensively for many years.
Recently, chlorinated hydrocarbons, such as DDT and lindane, have been
introduced because of cheapness.
The Environmental Protection Agency (U.S.A.) has catorgorised a
certain amount of insecticides safe for formulating coils, but no world-
wide specification on formulation regulation, quality control or safety
standards of the mosquito coils have been stated. Only a few countries
have set up their own specifications. Malaysia was the first one to have
specification of the coils, followed by Singapore. Other countries ignore
the toxicity of the active ingredients and other constituents in the coils,
such as the organic filler, binder, gungicides and other additives although
these compounds may cause health hazards to UYle consumers.
Partly because coils consumption is restricted to the developing
countries, where the scientific research is rare, and partly because of the
commercial secrecy of the coils amongst the manufacturers, there is very
little information on the formulation, compositions or their effects on
living organisms.
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In order to evaluate the inhaled toxicity of the mosquito coils on
mammals, the present investigation is dedicated to search for the toxic
effects of mosquito coil smoke on different age groups of albino rats
under three major aspects: (1) the changes of body weight and organ weight
(2) histopathological assessment and (3) the change of enzyme activities,
The body weight of three age groups of albino rats will be checked
throughout the whole experimental period, and compared with the control
rats. The absolute and relative organ weight, including the trachea, lungs,
hearts, livers and kidneys, will be compared between the treated and control
groups so as to reveal the effects of mosquito coil smoke on the growth
rate of the albino rats.
The pathological symptoms of the treated rats will be studied
through gross and microscopic observations. The former involved observations
through dissection while the latter involves paraffin sections of the organs.
These will thus help to find out the cellular changes of the affected organs,
including trachea, lungs, livers and kidneys.
A i:rofile of the enzyme activities of the serum glutamate-
oxalacetate transaminase (sGOT), glutamate-pyruvate transaminase (sGPT),
leucine aminopeptidase (LAP), lactate dehydrogenase (LIMI), and alkaline
phosphatase (AP) will be checked after the exposure period. The elevation
of enzyme activities reflects the changes or damages of the appropriate
organs, such as the change of sGOT, LDH and sGPT indicates hepatic dys-
function, and the change of sGOT, LDH and LAP indicates lung damage. Such
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enzyme assays can elucidate the effects of the coil smoke on the living
organisms on subcellular level.
4II. Mosquito Coils
1. General description
The mosquito is quite a heavy problem in tropical and subtropical
areas especially during the hot summer nights'because it is difficult to
seal the room completely against the entry of mosquitoes. Amongst various
types of mosquito destroyers like sprays, aerosols, and mosquito coils, the
latter are less well-known outside Southeast Asia, Japan, China and South
America. These several milliliters' thick, rod-like mosquito spirals,
which derive from. age-old joss or incense sticks, are constituted of different
types of insecticides according to the manufacturers and other organic fillers
capable of smouldering well. They are actually antimosquito coils which
prevent adult mosquitoes from biting, particularly during the sleeping
hours,
The coils are placed on a suitable metal stand and lit at the
end. The insecticide will evaporate with the smoke from the organic
filler of the coils, throughout a given spatial volume, within which the
mosquitoes are repelled from entering the room, or immobilised, paralysed
and finally made unconscious. A lighting mosquito coil is shown in Fig. 1.
2. Formulation of mosquito coils
There are 4 basic ingredients for formulating mosquito coils:-
5Fig. 1. A lighting mosquito coil
6A. Insecticide powder in a finely ground state
The insecticides used in formulating mosquito coils are varied
according to different manufacturers, but pyrethrins and allethrin are
widely used in Kenya, Japan, China and Hong Kong, while Baygon- a
carbamate insecticide- is used in West Germany, some.. manufacturers may
even use DDT in Southeast Asia and China.
Among these several types of insecticides, pyrethrins and its
relatives, allethrin, are permitted to register in Environmental
Protection Agency in USA, while others like Baygon and lindane are not.
DDT is classified as a harmful insecticide and absolutely prohibited from
used since 1970 by the USA government.
Insecticides can be categorised into 5 main groups:
i. Chlorinated hydrocarbons
Three most commonly used organochlorines are DDT, BHC
(hexachlorocyclohexane, gemma BHC= lindane) and Aldrin. These
compounds are often referred to as 'organochlorines' and collectively
they belong to a broad spectrum and a very per:iistent group whica
kills insects both by external co-tact and as stomach poisons.
Generally specking, they are more effective against insects with
biting mouth-parts. They are taken up in a food chain and accumulated
in the body fats of the vertebrate predators and show their effects
when body fats are consumed during starvation. Most countries in
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Europe and North America restrict the use of these chlorinated
hydrocarbons.
ii. Organophosphorous compounds
These compounds with phosphorous chemically bonded to
the carbon atoms of organic radicals are effective as both contact
and systemic insecticides. Many of these compounds are very-toxic
to mammals and birds. All the organophosphorous compounds are
relatively transent and are soon broken down to become non-toxic,
hence they are used to replace organochlorines to prevent environ-
mental health hazards and accumulative effects. The mode of action
of these insecticides in both insects and mammals appears to be
inhibition of acetylcholinesterase, eg. parathion and TEPP (tetra-
ethylpyrophosphate).
iii- Carbamates
The carbamates are the latest arrival in the field of
an-ticholinesterase insecticide.' They are synthetic derivatives of
physostigmine (commonly called eserine), which is the principal
alkaloid of the plant Physostigma venenoxum (calabar beans).
Physostigma is known to be an inhibitor of cholinesterase. One
of the best known carbamate insecticides is Propoxar (BaygonR).
iv. Botanical and natural organic compounds
Many plants which contain toxic substances or compounds
8are selectively poisonous to insects and have been proved to be
valuable insecticides. The advantage of these natural insecticides
is that there is no induction of resistence in the insect pest.
Pyrethrins, nicotine, and rotenone are the representatives of this
category. So far pyrethrins are so useful that synthetic pyrethrins
are manufactured and collectively termed pyrethroides allethrin
is one of the examples.
v. Miscellaneous
Others like inorganic compounds such as arsenic and sul-
fides are also used as insecticides.
The insecticides frequently used in formulating mosquito
coils are pyrethrins, allethrin, lindane and DDT. The following notes
give a brief description of these four insecticides.
a. Lindane
Lindane is the common name for gamma isomer of 1,2,3,4,5,6-
hexachlorocyclohexane (BHC), whose several isomers show different
biological activities. The gamma- and alpha isomers are central
nervous system stimulants, the principal symptoms being convulsions.
The beta- and delta isomers are depressants of the central nervous
system.
Lindane, a local irritant and. absorbed the skin, is
required to contain not less than 99/a gamma-BHC. It is stable in
air, light, heat and C02, unattacked by strong acid, but dehydro-
chlorinated by alkaline (Martin et al, 1974)•
A dose of 70 mg of lindane causes attacks of dizziness,
slight nausea, headache, diarrhea and convulsions. At the level of
180,mg/kg, dyspnea, cynosis and clonic-tonic convulsions and finnally
death result. An autopsy shows pulmonary edema, heart dilation,
fatty infiltration of the liver and extensive necrosis of blood
vessels in lungs, kidneys and livers.
b. Pyrethrins
Pyrethrins, the insecticidally active constituents of
pyrethrum extract, are esters formed by a combination of two acids,
chrysanthemic and pyrethric. The esters of chrysanthemic acid are
called pyrethrin I, cinerin I and jasmolin I-respectively and are
together known as pyrethrins I fraction whereas the esters of
pyrethric acid are called pyrethrin II, cinerin II and jasmolin Ii,
representing the pyrethrins II.
In pyrethrins, the gem-dimethy group on the cyclopropane
ring and the unsaturated center in the alcohol side-chain are
essential groups of the insecticidal activity of pyrethrins. Pyre-
thrin I is a very effective killer, while pyrethrin II renders
10
unconciousness. Hence, the high insecticidal activity of pyrinthrins
corresponds to the high Py I/ Py II ratio. But they will lose their
insecticidal properties through photodegradation and thermodecompo-
sition at above 500°C.
Pyrethrins at a high dosage can produce diarrhea, convula-
tion, collapse and respiratory failure, nausea, headache and CNS
upset in mammals.









Allethrin, a synthetic pyrethroid, is a common name for
(±)-3-allyl-2-methyl-4-oxocyclopent-2-enyl(±) cis,trans-chrysanthemate.
This contact insecticide can cause liver and kidney damage by all
routes of entry into the body. Lung conjection may occur due to
A
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exposure local contact may cause dermatitis. Inhalation may cause
asthma, coughing, wheezing, running nose and eyes (Martin et al, 1974)








DDT is the common of 1,1,1-trichloro-2,2-bis-(p-chloro-
phenyl)ethane. It has been widely used in depressing many outbreak
of diseases like malaria in developing countries and detailed studies
have been carried out during the last decade because of its hazards
to living organisms. DDT is a broad spectrum poison, long-persistent
in ecosystem and accumulated in fats of organisms. It-is also a
neurotoxin acting on the CNS, followed by convulsions, paralysis
and death (n-specially in insects)o
The toxicity of different insecticides is tabulated in Table 1.
B. Organic fillers capable of smouldering easily
A suitable organic filler may be chosen from finely ground
wood, leaves, stalks or tree bark, usually from the family Lauraceae
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Table 1.
The toxicity of different insecticides on albino rats and.insects.
LDrln( mg/ kg)
Insecticide Mode of action










1. Matsumura, 1975 2. Phillip et al., 1973
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for easy burning and pleasant odour which is imparted by the smoke. Those
who choose pyrethrins as an insecticide will use 'pyrethrum marc', which
is the pyrethrum. flower after extracting pyrethrins with solvent. Wood
flour, fine coconut shell. flour or other powdered shells of nuts may also
apply in this context.
C. Binder
A widely used binder for mosquito coils is the powdered leaves
or bark of a tree, Machilus thunbergii, which is indigenous in Southeast
Asia and particularly to the Japanese island of Kyushu. The powder is
known as 'Tabu Powder' and contains a mucilaginous gum similar to tragacanth
gum, which is the active combining agent.
Starch is another binder used in formulation. 'Staragel No.l'
is a soluble starch and forms a paste with cold water. Many other
synthetic water soluble gums such as methyl cellulose, hyd.-oxy ethyl
cellulose are also used.
D. Additives- dye-stuffs, fungicides, etc.
In order to store in a warm damp condition for a long period
of time, especially in the tropical regions, fungicides are necessary to
prevent the formation cf moulds. Ideally, a fungicide should be non-toxic
and completely water-soluble, such as sodium benzoate and nitrophenol.
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E. Others
Combusion promoting agents, eg. sodium or potassium nitrate,
or sodium chlorate, and perfumes like gum benzoin, are added into the
mosquito coils.
3. Formulation
The formulation of different brands of mosquito coils is a com-
mercial secret of the manufacturers. However, they are nearly the same
except the active ingredients and perfumes (both qualitatively and quantita-
tively) are different. The following formulation is designed for the type
of machinery which stamps mosquito coils to form a flat blank by Pyrethrum
Bureau (Formulating Pyrethrum, 1970).
27.00%Superfine pyrethrum powder (1.3% pyrethrins)
16.60%Finely milled pyrethrum marc
Coconut shell flour through 100 mesh 47,00%
Stargel No.1 cold water soluble modified starch 7.00%
2.00%CelloZas B.50 hydroxyethylceliulose.
0.20%Brilliant Green or Malachite Green
Paranitropheno1 0.20%
Variation on this formulation may be carried out by replacing
part of the coconut flour with wood flour, pyrethrins with lindane, DDT or
allethrin and starch with Tabu Powder.
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4. Process of Mosquito Coils
Different constituents listed in item 3 (formulation) are first mixed
together to form the paste which is ready extrusion. There are two methods
of manufacturing coils. The simplest way is direct extrusion of the paste
through a circular die followed by hand coiling-of the resulting wet worm.
These are then allowed to dry on wire-net frames. The other method is by
stamping. The stamping head is usually in the form of a 'coil-within-a-coil'
that is, two coils, one within the other. The paste is kneaded in a mixer for
twenty minutes till homogenous and consistent. Then the paste is extruded
through an extruder into a continuous strip about fourteen centimeter in width
and 0.4 cm thick then cut in a 'coil-within-a-coil' shape in the stamping
machine (Maciver, 1964).
5e International Standard of Mosquito Coils
Though mosquito coils have been widely used for a hundred years,
there is no universal standards for the coils. In 1976, a group of coil manu-
facturers formed an organization. by the name of International Mosquito Spiral
Association, Limited, in order to agree on tree staxidard of the products.
Unfortunately, no such standard has ever been announced (Maciver, private
communication, 1977). Some of the mosquito coil consuming countries have set
up regulations for mosquito coils on their own. Malysian Standards Institution
is the one whose specifications ensure only good quality coils are produced and
imported into Malasia. The specifications are'summarised into three items
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(Standard Institute of Malasia, 1971):-
A. General characteristics
The coil shall not be unduly brittle and shall remain intact
after being dropped from the height of 1.5 meter the weight of a single
coil shall not be less than 12 gm and 12% moisture, and should last at
least 7.5 hours in a non-ventilated room.
B. Active ingredients
The coil shall contain not less than 0.35% weight by weight
(w/w) of the total pyrethrins or 0.5% w/w allethrin. Their resultant
vapor formed in the normal course of lighting of the coil, shall be
harmless to human beings. No other insecticides can be contained in the
coil.
C. Biological efficacy
The vapor in the normal course of lighting of the mosquito coil
shall have knock-down (after twenty minutes) of not less than 90% and
ability to kill the female Aedes aeg,ypti and Cules pipiens fatigan (after
24 hours).
6. Action of Mosquito Coil Smoke on Mosquito
A. Volatility of insecticides
Brightwell (1942) noted that the insecticidal effect of mosquito
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coils are caused by the artifacts of combusion of the non-pyrethrum
plant matter but not from pyrethrins, because of its thermal labile
nature. He held the evidence that pyrethrins must be degraded by the
high temperature at 700 C of the glowing tip of the burning coil.
However, a series of reports (Nagasawa, 1935 Nagasa, 1940 Maciver,
1964 Winney, 1969, 1975) stated that the insecticidal action of the
coils was derived principally from the presence of pyrethrins or other
insecticides in the smoke from the coils. Godin et al (1964) could
detect pyrethrins qualitatively from mosquito coil smoke by Gas-liquid
chromatography analysis. This implies that pyrethrins are not thermal
degraded they are evaporated into the air and act on the insects.
Other insecticides can also be analysized through this method. This
finding enforced the statement that 'the quality' of mosquito coils was
dependent on the pyrethrins content (Nagasawa, 1935) and it is also true
for other insecticides.
Maciver (1964) discovered the relationship between the tempera-
ture and the release of the insecticide from the coil. He found out a
temperature gradient in a burning coil by a i crocouple junction of fine
chromel/alumel wire in the coil. A plot of the temperature along the
burning coil shows the highest temperature over 70000 occurs at the
glowing tip but the fully carbonised and partly carbonised zones directly
behind the tip were considerably cooler. A thin hot blue smoke issued
from the fully carbonised zone directly behind the tip while a copious
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grey smoke came from the partly carbonised zone (170-400CC) where pyrethrins
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Fig. 2: Temperatu:v e gradient of a burning coil( derived
from Maciver, 1964
Though all the organic matter of the coil is destroyed at the
temperature of 700 C at the glowing tip, pyrethrins appear to be volatilised
at the partly carbonised zone of 170-400 C. Besides the pyrethrins, it
is interesting to find out the insecticides commonly used in mosquito coils





B. Responses of Mosquito to Mosquito Coils
When a flying insect encounters the pyrethrins from the coil
smoke, it is repidly excited, convulsed, paralysed and finally dead. The
primary target of the pyrethrins and allethrin is considered to be the
ganglia of the CNS. Regular, rhythmic and spontaneous nerve discharge
had been observed in insects after being poisoned With pyrethroids with
intracellular microelectrode recording technique. Narahashi Berteau
(1968) observed the symptoms of poison by pyrethrins:
i. slight depolarization
ii. an increase in the negative afterpotential
iii. repetitive afterpotential
iv. eventual block in conductance
The result was consistent with the study of the ion permeability
by Narahashi (1971) with the aid of the voltage-clamp technique. He
concluded that the net effect is the suppression of the peak height of
the action potential and increase and prolongation of the. negative after-
potential because of the findings such as:
i. the peak amplitude of the sodium conductance is suppressed
ii. the sodium inactivation mechanism is greatly prolonged and
iii. the potassium conductance is slightly suppressed.
Both DDT and lindane are neurotoxins but in general, lindane is
a more acute nerve poison than is DDT. Symptoms of lindane poisoning in
Periplenta americana are tremors, ataxia, convulsion, falling and prostra-
tion. Lindane is also a stimulant to the mammalian CNS. Applied to P.
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americana, it causes an increase in the nerve activity in the cranial nerve
after one hour. Repetitive spike of 2 to 4 in a series appeared. They
are definitely different from the repetitive discharges caused by other
chlorinated insecticides like DDT. The action of lindane is centralised
and requires an intact reflex arc to produce a complete poisoning symptom.
Subsequantly, lindane is classified as a neurotoxicant (Matsumura, 1976).
7. Insecticides used in Mosquito Coils in Hong Kong
Hong Kong has a very long summer period, usually from May to Octo-
ber, with heavy annual precipitate. This typical subtropical climate is suit-
able for mosquitoes, especially under poorly ventilated conditions and in
congested regions. The consumption of mosquito coils is very high in Hong
Kong. The unique coil manufacturing company, whose annual production is kept
steady at about four million dollars yearly, cannot meet with the market
demands. Therefore, numerous commercial brands of mosquito coils are imported
from Japan, China and West Germany. Owing to the keen competition and the
fact that no regulation is set by the government on the-insecticides in the
coils, some manufacturers use prohibiter: insecticides like DDT and lindan
as the active ingredients so as to compete with the more expansive ones
those using pyrethrins and allethrin) for their high killing ability and low
price. Because of the small amount, of information on the insecticides used
in the coils, the active ingredients of ten popular commercial brands of
mosquito coils (brand names are undisclosed) were onalysized by the Gas-liquid
chromatography technique with World Standard Pale Extract (1974) of 2l5% of
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pyrethrins, DDT (99o purity), lindane (100j purity) and bioallethrins
94. purity) as standard (Pyrethrum Bureau,.1976). The results are tabu-
lated in Table 2.
Japanese coils are much more expensive than those from China
amongst the ten brands tested. Within those 6 Chinese coils, the coils
consisting of DDT and.lindane are only 70-80% of the price as those with
pyrethrins as the active ingredients (except MC 2)o This also holds true
with the Japanese coils. Those with pyrethrins are the most expensive.
It is worth mentioning that the cheaper the price, the higher the consum-
ption of the coils by people with lower income, who have not got any
warning from government or the knowledge to recognise the hazards caused
by the insecticides. In the USA, only pyrethrins and allethrin are permitted
to be registered in Environmental Protection Agency while lindane and DDT
are classified as toxic substances. Eight out of ten in Table 2 use DDT
and lindane in their formulation. t This will cause great health hazards in
Hong Kong. Mosquito coils formulated with lindane and DDT have been prohi-
bited from use in Japan, Malaysia and Singapore. The Hong Kong government
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Rapid industrialization, especially the development of chemical
welfare agents, like drugs and volatile and toxic gases, brought unavoidable
together with various types of pollutants, contaminating the industrial and
agricultural atmosphere and giving rise to health hazards to the community.
Inhalation toxicology is the study of these air-borne chemicals so as to
detect their toxicity to the respiratory tract or the general toxicological
hazard, to establish the safety-in-use standards, to discover factors and
machanisms involved in respiratory diseases and lastly to find the appropri-
ate treatment in case of poisoning. The inhalation toxicology was defined
by the American Conference of Government Industrial Hygienists (1966) as
to establish a threshold limit value of maximal allowable concentration
to act as a guide in the maintenance of.satifactory working condition.
The test of the inhalation toxicology is different to any other
toxicology tests because one car-not administer a compound by the respiratory
route like dosing animals orally, subcutaneously or intramuscularly wit.a
a syringe. Hence the designs and methods of the tests are very important.
Usually, there are three types of exposure equipments namely, the whole
body chamber. (with the animal receiving a whole body exposure in the
chamber), the head-only chamber (with the head only protruded into the
chamber while the rest of the body remains in the ambient air), and the
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face-mask technique (with the face of the animal masked by the consistent
mould without testing agents disposed on the fur of the animal, which will
be ingested during preening. However, the number of the testing animals
are restricted because of the restriction of equipments.) The whole body
chamber can solve the problem of uneven distribution of agents by smouldering
large numbers of animals in the same concentration in the same chamber.
Numerous designs on the whole body chambers are created in
order to have constant air flow rate, uniform and even distribution of
agents, optimal temperature and relative humidity during the test. The
exposure chamber of Dow and Rochester (Gage, 1973) and that of the United
State Public Health Service Toxicology Laboratory at-Cincinnati (Fraser,
1959) are commonly used with the air inlet at the top and the exhaust at
the bottom of the chamber, while those of ICI Company are different
the exhaust is at the top, the inlet is either at the top or bottom).
No matter where the inlet and outlet are located, their main purpose is
to maintain (by aid of ventilation fan and pump) a steady flow and even
distribution of testing chemicals inside the chamber.
The teiuperatul e, humidity and concentration in the chamber
during exposure are other factors to be solved. The heat, water vapood,
carbon dioxide generated from the metabolisms of the testing animals,
especially for a long period of experimental time, can alter the environ-
ment and conditions of the chamber. Fortunately, the adjustment of the
flow rate and filter of the inlet air through the dissicant can minimise
these problems and keep it in the desired testing conditions. Besides,
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the ratio of the animal number (or body weight) to the volume of the
chamber can also improve these problems. The condition of 25 C, 5%
humidLty, 4.25-170 m3/hr. and less than 5f of animals to the chamber
are suggested to be the'optimal exposure condition (Fraser, 1959).
Because of the air flow, dosage is another factor. In any
dynamic mode of exposure, the concentration of agents in the chamber in-
creases rapidly at the beginning of exposure but then slowly approaches




Fig. 3 The concentration and time relationship
in the chamber (Derived from MacFarland,
1976)
The reverse change is obtainoc after the ceasation of agents
supply. This effect is servere in the short duration of exposure, but
this undisired increase and decrease phases may be eliminated by the
air-locked technique, that is to expose the animal at the period of
equilibrium phase.
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If perfect mixing within the chamber is assumed and the con-
taminant is introduced uniformly into the chamber, flow rate being held
constant, the normal concentration can be calculated at any time, t, by
the following equation (Fraser, 1959):
where c= concentration of contaminant introduced per minute,
b= volume of air passing through chamber each minute,. and
a= volume of the chamber
However, this concentration is not the dosage which really acts on the
respiratory system, the real dosage administered to the animal being
governed by the dosimetric formulae, which shows the true dosage retained
when air-borne agent is inhaled (MacFarland, 1976):
Dosage= c4 ct• MV
where is the retention factor of the agent in the alveolus of
different animals c is the concentration of the agent t is the
duration of exposure and MV is the minute volume.
The o and MV are varied with different animals, therefore different
effects ca be obtained from the same concentration on different animals.
In contrast to the above dynamic mode of exposure, there is
static mode, where the animals are exposed with a fixed amount of agents
within a closed chamber. Although the problems of heat, carbon dioxide,
vapour and depletion of oxygen are severe, it is always applied to the
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,chemicals which are expensive and restricted in quantity.
The dose-response relationship is usually used to elucidate the
response or effects after the inhalation test.. The response can be studied
by weight consumption, food consumption, water uptake, haematological and
biochemical changes such as blood cell count and enzyme activities, gross
and microscopic pathological observations of various organs beside the
respiratory tract, physiological changes or disturbance of respiratory
functions such as respiratory rate, resistance and complicane and also the
immune reaction of the respiratory system.
2. Materials and Methods
Male Sprague-Dawley albino rats of 1--, 3- and 5-month old were
diyided into three groups (numbered with 1, 2 and 3 respectively), with
ten rats per group, including six for inhalation test and four as control.
Each group of rats was exposed for 8 hours daily for two months to a mosquito
coil whose active ingredient was listed in item IT. 7. During the exposure
period, water and Berkeley diet were available ad libitum. The body weight
of each rat was recorded twice a week. After 60 days, the rats were anesthe-
tized by diethylether and leparotomised. Blood was collected through cardiac
puncture. Following the gross pathological observations, the liver, the
kidneys, the lung (with the trachea) and the heart were removed and weighed.
The representatives of these organs (except heart) were fixed for micro-
scopic observations.
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The experiment was done in triplicate.
The inhalation chamber used in our experiment was a simplified
small scale ICI type (Fig. 4), but with both inlet and outlet at the bottom.
The volume of the chamber was 0.833 m3, with the air flow adjusted to 5.8
m3/hr.
3. Results
The mean body weight of different age group was plotted against
days of exposure and shown in Figs. 5-7. The growth curve was obtained
through the linear regression calculation as tabulated in Table 3.
The wet weights of liver, heart, lung and kidney, together with
the percentage to the body weight, were tabulated in Table 4a and 4b. The
Student t-test was applied to verify the statistical significances.
4. Discussions
The body weight of the albino rats in all test groups are markedly
lower than that of the control groups as fax as the cringe of growth rate
is concerne?. This may possibly be caused by the irritation of the chemicals
a
through the respiratory system onto the organs. The findings in Table 4 also
show the decrease of the relative organ weight in different age groups
except the lungs of Group 2 and 3). The growth rate of rats was also
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Fig. 6 (b) Growth Curve of Froup 2 Control Rats
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Fig. 7( a) Growth Curve of Group 3 Treated Rats
Fig. 7( b) Growth Curve of Group 3 Control Rats
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Table 3
The growth equations of different age groups of rats
ControlTreatedGroup
Y= 3.36X+ 66.61 (0.99)Y= 2.77X+ 63.76 (0.96)1.
Y= 1.58X+ 227.99 (0.99)Y= 1.19X+ 223.02 (0.97)2.
Y 1.27X+ 277.72 (0.97)Y= 0.90X+ 302.30 (0.88)3.
the figure in the parathesis is the correlation coefficient
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Table 4 (a)
The absolute organ-weight oftbxee age groups of albino rats
LIVER HEART LUNG KIDNEY
Group 1
2.17± 0.151.29± 0.170.93± 0.1697O± 125Control
2.24± 0.341.49± 0.250.85± 0.099.15± 0051Treatment
Group 2
2.70± 0.281.58 t 0.311.14± 0.13l30O7± 2,12Control
2.46 ± 0.301.49 ± 0.161.09 ± 0.1612.00 ±2.65Treatment
Group 3
2.60 ± 0.281.42± O.O81.10± 0.1411.83± 1.21Contorol
2.68± O.301.69± 0.1712.23± 1.89 1.16± 0.19Treatment
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Table 4 (b)
The relative organ weight of three age groups of albino rats
LIVER HEART LUNG KIDNEY
Group 1
0084± 0.050.54± 00100.33± 0.02306l± 0020Control
0.83± 00060.51± 0.080.34± 0.033.61 ± 0.27Treatment
Group 2
0.86 ± 0.080.55 ± 0.040.38 ± 0.053.97± O.47Control
*
0.83± 0.050050± 00030.37± 0.023.79 ± 0.24Treatment
urotit 3
0.81± 0.03Oo46± O.020.35.± 0.033061 ± 0.32Control
0.79± 0.040.51± 00070.34± 0.033051± 0.34Treatment
p < 0.05
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(Freeman, 1974), cigarette smoke (Avido, 1974 1975), and the moswuito
coil smoke with allethrin, pyrethrins and lindane (Wong et al, 1975).
Experimental increase of-growth rate found in the inhalation study of coil
smoke with allethrin was reported in-male rats only, a decrease in female
rats was found (Kadota, 1974).
It is very difficult to detect how much inhaled substances
were retained, but the real dosage can be calculated by the dosimetric
formulae (MacFarland, 1976) under the condition of
= 1 (assumed)
t= 8 hours
MV= 225 ml/min (for 300 gm male rats Leong, 1964)
The time of equilibrium, concentration of different ingredients and the
real dosage to the alveolar tissues in the present study were shown in
Table 5.
Although the concentration detected in the chamber was very
low, the animals did receive a considerable amount of insecticides through-
out a long period of exposure time of about 8 hours daily for 60 days.
The rats were given 60 continuous days' exposure without interruption.
The insecticides will certainly act on the alveolar tissues or indirectly
on other organs such as the liver and the kidneys, and even be transported
through the bloodstream to other target tissues. The effect of long-term
low-level exposure is equivalent to high dosage short-term effect (Thomas,
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Table 5
The time of equilibrium, concentration of different ingredients and real dosage to
the alveolar tissues.
39.68 mires.t = 4.605 x b/a
LindanePyrethrinsAllethrins
0.009mg/ m30.448mg/ m30.627mg/ m3
Dose = Ct MV
0.2257mgdose/ kg/ day




1956). This may explain why the low concentration of insecticides can
affect the. growth rate.
It is worth mentioning that the growth rate of treated rats
decreases prominently in the younger rats, probably due to the decrease of
consumption of food and water during the exposure period. The defensive
ability of younger rats cannot compare with the stronger elder ones.
In Table 4, the absolute organ weight has no significant changes
between the treated and the control groups, though some of them did in-
crease or decrease. This may due to the variance of different sizes of
rats within the same age group, and the large deviation of the correspond-
ing organ weight causing statistical non-significance. In the comparison
of the related organ weights between the treated and the control groups,
the differences-in three age groups are again not statistically signifi-
cant. The variations may be due to physiological adaptation to the irritants
(Kociba, 1975). However, the decrease of lung weight in Group 1 and the
increase in Groups 2 and 3 were different. The damage on the lungs of
the younger_ rats after 60 days' exposure period was more severe than was
expected. The microscopic findings also show that the damage to the trachea
and the lung tissues was most severe in Group 1 (see section IV 2). The
rapid cellular growth of pneumonia may have caused the increase of lung




Air is inhaled through nostrils, via the trachea, and bronchioles
to the alveolar tissues where the blood from-the pulmonary artery releases
carbon dioxide and replaces it with oxygen. This oxygenated blood passes
through the left ventricle of the heart to the liver, kidney and then
returns back to the heart to complete a cycle. This is how the respira-
tory system is linked with the heart, liver and kidney, and the reason
that inhaled substances affect organs other than the respiratory system.
Inhalation studies of gaseous substances on laboratory animals
from a histopathological aspect have been reported frequently on the nitro-
gen dioxide, ozone, sulfur dioxide, smog, cigarette and pesticides (such as
DDT, organophosphates, pyrethrins and its relative analog allethrin, etc.).
Investigations of toxicity of pyrethrins on laboratory animals were conducted
in the middle 1930's (Shimkin Anderson, 1936) and the LD of pyrethrins50
on dermal, inhaled and oral toxicity were found from 800 mg/kg to 2000 mg/kg
(Carpenter, 1950 Ambrose Robbins, 1951 Malone Brown, 1958 Bond
Defeo, 1969 WHO9 19'0 Verschoyle Barnes, 1972 Casida, 1973 and Griffin,
1973). All these publications proved that pyrethrins do not cause histopatho-
logical symptoms or tumor formation.(Lehman, 1954) on albino rats except
causing thickening of alveoli after 27 helf-hour exposures at 17 mg/m3
(Carpenter, 1950) 14 two-hour exposure at 27 mg/m3 (Griffin, 1973). Weight
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loss and poor appetite were also observed at the level of 5000 ppm (Anonymous,
WHO9 1970). No pathological or teratological effects were found on albino
rats and rabbits at the 'level of 10 mg/kg/day of pyrethrins in the diet
(FAO/WHO, 1970) because it is rapidly metabolised in the mammalian body.
Allethrin- a synthetic pyrethroid- was reported as no more toxic than
purified pyrethrins to mammals (Ambrose Robbins, 1951)- In contrast,
different pathological symptoms were observed and found to be induced by
various concentrations of pyrethrins on rats, like lung intraalveolar
hemorrhage, liver enlargement and liver vacuolation by 450 mg/kg of pyre-
thrins (Gaines & Kimbrough, 1968), weight loss and conjection of the lung,
liver, kidney, slight gastric inflammation.by 560-800 mg/kg (Weir, 1966),
liver enlargement along with increase of microsomal enzyme activities
(Springfield, 1971) and eosinophilia of cytoplasm of liver-beginning of
cell necrosis (Bond Defeo, 1969). However, these pathological changes,
for instance, liver enlargement, liver damage, weight loss, bile-duct pro-
liferation, cell necrosis, hemorrhage of lung tissue, were considered to be
caused by the impurity of the pyrethrins (Burthel, 1973)0
Lindane is an insecticide of higher toxicity than pyrethrins and
allethrin, and was classified as a severe poison by the Environmental
Protection Agency (1970). It causes pathological damage on liver and hyaline
changes in the renal tubules resembling DDT (Joslin, 1950), plastic anemia
agranulocytosis (Friberg Malerisson, 1955 Loge, 1965), liver enlargement
and weight increase (Du Bois Geiling, 1959), liver hypertrophy and fatty
,degeneration, congestion, necrosis and nephritis (Herbst Bodenstein, 1972).
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The acute oral toxicity of lindane was noted at 91 mg/kg (Gaines, 1960 cf.
Matsumura, 1976). Lindane is comparatively more toxic than pyrethrins and
allethrin. But rats given 5 mg/kg lindane_for two years remained symptom-
free (Fitzhugh, 1950) those with lindane stored in the fatty tissue would be
completely eliminated within a few days after maintained in lindane-free
fodders (Herbst Bodenstein, 1972). Hence, the risk of chronic intoxication
is low because the agent is also rapidly excreted.
The fate of inhaled insecticides is a. very important factor
relating to the toxicity on the mammalian organs. Radioisotopic tracing of
five insecticides. (carbonyl, carbofuran, parathion, leptophos and DDT) on
albino rats through cigarette smoke inhalation were-found to be deposited in
the lung in large quantities (at about 3c%) after three minutes, but decreased
to 2% after one and half hours0 The liver contained 3 to 5%, while the
heart contained 1 to 3% after three minutes the content in the kidney
increased to 1 to 3% after 90 minutes (Atallah et al, 1975). This indicates
that the insecticides act mostly on the alveolar tissue of the lung, less on
the heart and least on the kidney during the first 90 minutes afterwards
lindane acts on the kidney tissues because it was found to be deposited in the
kidney after inhalation (Seidler et al, 1975).
The inhalation toxicity of smoke on mammals is mainly devoted to
cigarette smoke, like the alveolar cell hyperplasia in the lungs of smoking
dogs (Frasea, 1974) and metaplasia and anaplasia found in smoking mice (Wynder,
1968). The changes in epithelial cells of the trachea and hyperplasia of the
alveolar cells in the lungs indicate that the trachea and lungs are the tar et
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organs in inhalation tests. A.limited amount of studies have been conducted
on mammalian toxicity inhalation of mosquito coil smoke because coils are
mainly used in the developing countries. Unpublished papers are only
circulated in several large mosquito coil manufacturing companies, and are
not available for distribution. Thus' no related papers can be referred to
in our experiment (Personal communications with Maciver and Sham). Only
two papers on mosquito coil toxicity on mammals can be traced. The first
one studied the inhaled toxicity of mosquito coils, with allethrin as active
ingredient, on albino rats (Kadota, 1974). Almost no abnormalities on
either enzymatical,or histopathological aspects were found except the
changes in body weight in female rats. However, the second one revealed
changes in body weight, organ wieght, histopatholigical symptoms on fatty
liver, metaplasia bronchioles and nephritis, emphysema and pneumonia from
the toxicity of one commercial brand of mosquito coil on albino rats
(Wong et al, 1975). These differences may be explained by the different
testing conditions and the different ingredients of the coils.
2. Materir-ds and Methods
The rats were leparotomised and, after gross pathological obser-
vations, the organs like liver, kidney, heart and lungs with trachea were
removed as described in Section III. The representatives of these tissues
were fixed in Bouin's fluid, while the air within the lungs had to be
removed by the aid of a vacuum pump till the tissues were completely immersed
in the fluid. They were subject to a paraffin section of five microns
43
thick and stained with Haematoxylin and Eosin.
3. Results
The gross histopathological observations showed the hypertrophy
in the cardiac muscle cells of the heart, especially the left ventricular
dilation. Cell necrosis and metaplasia of the bronchial tracts, emphysema
and pneumonia by the purple repressed area and small reddish area on the
surface of the lung, fatty degeneration of the liver by the slightly
yellowish surface were obsercedo
Histopathological observations indicated that lesions were present
in trachea, lungs, liver and kidneys of the treated rats, especially in the
respiratory system.
Normal sections of the epithelium of the trachea, alveolus,
bronchiole, liver and kidney were shown in Fig. 8 to 12.
A. Trachea and lung
The trachea is the most seriously damaged target organ in all
age groups, especially in Group 1, after the inhalation treatment of
mosquito coil smoke- The presence of acute bronchitis was characterized by
the mucus from the hypersecretion of the epithelial boblet cells (Fig. 13)
wihch coagulated with pyknotic leukocytes into a mass (Fig. 14) coating
the epithelial cells of the trachea. Proliferation of the epithelial cells
or distortion were not observed.
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Focal broncho- and interstitial pneumonia (Figs. 15 16) were
seen with an accumulation of macrophages, and some even confluentedo The
formation of the granuloma (Fig. 15, 16 and 17) by the cellular infiltration
was dominant in the alveola tissue of the lung. The overextention of the
alveolar tissue resulted in emphysema (Fig.17).
In contrast to Group 1, the goblet cells secretion coagulated
with pyknotic leukocytes were less severe in Group 2 (Fig. 18 and 19)
though the formation of granuloma (Fig. 20 and 21) were present in the
trachea. The metaplasia of the epithelial cells from the ciliated pseudo-
stratified columnar cells into cuboidal shape (Fig. 22) with nuclei enlarged
representing the defensive mechanism of the epithelial cells to the
irritation from the coil smoke.
Broncho- and interstitial pneumonia (Fig. 23) were observed.
The anaplastic proliferation of the bronchiolar epithelial cells (Fig. 24)
and changes of alveolar cella (Fig. 25) also represented a response to the
irritation.
The presence of granuloma (Fig. 26) and mucosecretion of epithelial
goblet cells (Fig. 27) in Group 3 were the same as those of. Group 2, but
the hyperfunction of goblet cells (Fig. 28 and 29) seems more active by the
large quantity of coagulated mass. The epithelial cells proliferation (Fig.
27 and 30) and metaplasia (Fig. 31) of the trachea were more obvious than
Group 2. Broncho- and interstitial pneumonia (Fig. 32 and 33) were prominent.
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Fig. 8 A portion of a normal trachea
Fig. 9 A normal alveolar tissue of the lung
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Fig, 10 A normal bronchiole, no proliferation of the
epithelial cells.
Fig. 11 A normal liver portion with radial cord shape
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Fig. 12 A normal glomerulus and convoluted tubules
Fig. 13 Pyknotic leukocytes (arrow) and the mucus in a mass
coated-on the epithelium of the trachea
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Fig. 14 Mucus and pyknotic leukocytes are coagulated in
the lumen of the trachea





Fig. 16 Insterstitial pneumonia (I) and granuloma (G)
are present in the lung
Fig. 17 Slight emphysema (E) and granuloma beneath the
epithelial cells in the bronchiole
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Fig. 18 The pyknotic leukocytes (arrow) and secreted mucus
coagulated and coated the epithelium (E) of the trachea
Fig. 19 Small amount of secreted mucus (M) is present in the




Fig. 20* A granuloma formed by the cellular infiltration under-
neath the epithelium (E). Small amount of mucus (M) is present
in the lumen
Fig. 21 The cellular *inf iltration (C) underneath the epithelium






Fig. 22 The -metaplastic change of the pseudostratified ciliated.
columnar into cuboidal shape (arrow)
Fig, 23 A typical interstitial pneumonia with cellular
infiltration into the alveolar tissues
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Fig. 24 The bronchiole cells anaplastic proliferation (A) into
the lumen. A granuloma (G) is formed in the bronchiole.
Fig. 25 The alveolar change due to the difficulty in respiration
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Fig. 26 A portion of trachea with a typical granuloma (G) in
the mucosa underneath the epithelium (E). No mucus is seen in
this portion of the lumen.
Fig. 27 Hypersecretion of active goblet cells (arrow) and the
secreted mucus (M)
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Fig. 28 Hypersecretion of active goblet cells (arrow) and
the secreted mucus (M)
Fig. 29 Another portion of the trachea with less mucus





Fig. 30 A proliferation of the epithelial cells (E) and the
enlargement of the goblet cells (G) in the epithelium of the
trachea. Mucus (M) is seen in the lumen.
Fig. 31 The metaplasia of epithelial cells and cellular
infiltration underneath the epithe!_ium
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Fig. 32 Cellular infiltration (G) in the alveolar tissues
and bronchioles. A granuloma is formed in the bronchioleo
Fig. 33 Cellular infiltration in the alveolar tissues
forming interstitial and broncho-pneumonia
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B. Liver
The liver is the site of detoxification and any pathological
damage on the liver may reflect the degree of the toxicity of the tested
substance.. The serious swelling (Fig. 34) and necrosis (Fig. 35) of the
hepatocytes destroyed the radial cord shape in regions of Group 1 treated
rats. Enlarged or pyknotic nuclei (Fig. 36) of the hepatocytes were seen
elsewhere.
The swelling (Fig- 37) and necrosis of hepatocytes (Fig. 38) in
Group 2 were similar to those of Group 1 bur restricted in smaller regions.
Amongst three groups, the liver damage of Group 3 was the most
severe one. Besides some extreme swelling (Fig. 39) and ready-burst hepa-
tocytes were found, coagulated necrosis (Fig. 40) and regional necrosis
(Fig. 41) were observed in the liver. The inflammation of the liver cells is
also characterised by the presence of.macrophages (Fig. 42 and 43) and
exudate (Fig. 44) from the hepatocytes into the sinusoides and also the
normal cord shape of the lobules no longer existed in the area where the
hepatocytes showed extreme swelling and alteration of cell shape (Fig. 45
and 46).*
C. Kidney
Hydropic degeneration of proximal convuluted tubules (Fig. 47, 48
and 49) were common to all three age groups. more was no major difference
in the renal system amongst three groups
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Fig. 34 The enlargement and swelling of the hepatocytes,
cord-shaped arrangement no longer exists,
Fig. 35 Extremely swelling (arrow) of the hepatocytes. No cord-
shaped arrangement existed for the necrosis.*
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Fig. 36 Pyknotic hepatocytes and leukocytes aggregrated
in the triad
Fig. 37 Swelling hepatocytes around the central vein
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Figo 38 Focal necrosis amongst the hepatocytes
Fig, 39 Swelling hepatocytes tend to burst
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Fig. 40 Necrosis of hepatocytes by the triad
Fig. 41 Different stages of damaged hepatocytes from
extremely swelling to dead
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Fig. 42 The presence of macrophages in sinusoid of the
inflammed hepatocytes
Fig. 43 The exudate (arrow) secreted into the sinusoid in
the inflammatory tissue
64
Fig. 44 Distortion of normal radial cord shape
Fig. 45 Pyknotic hepatocytes in the inflammatory area
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Fig. 46 The alteration of cell shape (arrow) destroying
the normal radial cord shape
Fig. 47 Hydropic degeneration of convuluted tubules. of
group 1 treated rats
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Fig. 48 Hydropic degeneration of proximal convoluted tubules
of group 2 treated rats
Fig. 49 Hydropic degeneration of proximal convoluted tubules
of group 3 rats
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4. Discussions
The hypersecretion and metaplasia of the epithelial cells of trachea
The luminal secretion coagulated with pyknotic leukocytes is the
result. of hypersecretion of the epithelial cells of the trachea. The
stimulation on goblet cells was a non-specific response to irritants. This
phenomonon was also found in the trachea of dogs after chronic inhalation
of sulfur dioxide (Spicer, 1974)- Increase of goblet cells was also found
in the bronchi of rats after exposure to cigarette and cigar smoke (Reid,
1968 Lamk Reid, 1969). Same thing happened in guinea pigs (Rylaander, 1974).
The increase of goblet cells are proportionate to the concentration or
exposure time (Reid, 1969). In response to this respiratory infection,
many phagocytic cells infiltrate into the mucosa of the trachea and many
pyknotic leukocytes also secrete mucus and coagulate into a mass. They
obstruct the airway of the trachea and are also an adhesive for the gaseous
irritants. From the result of Atallah and Dorough (1975, 1976) nearly 305
.of the inhaled hydrocarbon insecticides will be exhaled within thirty minutes.
The presence of this adhesive mass in the trachea will retain the inhaled
insecticides aria enhance their action on the epithelial cells of the trachea.
The degree of this secretion is inversely proportional to the age of the
rats, but the number of the goblet cells in the epithelium is more prominent
in the elder groups. This may be interpreted by the higher defensive ability
of the elder rats. The'epithelial goblet cells are not so drastically
affected by the inhaled smoke when compared with the group 1 rats. The
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presence of the enlarged goblets in the epithelium indicates the same hyper-
secretion of mucus as group 1 rats at a later stage. The presence of a small
amount of luminal secretion is also an indication of this.
The coil smoke causes respiratory stress or other problems on the
treated rats directly or indirectly by the luminal secretion and the metaplasia
of the epithelial cells. The metaplasia of epithelial cells under respiratory
stress was reported with sulfur dioxide in dogs (Chakrin, 1974), in canine
respiratory tracts (Spicer, 1974), and in rats (Reid, 1969). Anoxia is an
important factor causing metaplasia. In the present experiment, the chamber
was well ventilated. Thus the damage was most probably caused by irritation
of the coil smoke. The degree of metaplasia is more obvious in the eldest
group, reflecting the higher adaptability to the irritation.
The formation-of the granuloma is also an important symptom seen in
the trachea of different age groups o This cellular infiltration of macrophages,
mast cells, lymphocytes indicates a chronic inflammation of the trachea and a
defensive mechanism. The presence of numerous centers of granuloma reflects
the severity of in-Clanunation in the trachea under a chronic exposure of the
mosquito coil smoke.
The presence of pneumonia and emphysema in the lung
The pulmonary inflammation may be caused by ingaled gas or serosols
aspirated foreign matter,arogenous or haematogenous viruses,bacteria,fungi
and metazoa,other micro-organisme,irritants or chemicals .The discretd
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patches of bronchopneumonia and interstitial pneumonia were found in all
three age groups after the inhalation of mosquito coil smoke. However, the
aggreviation of the inflammation is characterized by the confluence of the
interstitial and bronchopneumonia and the presence of leukocytes mass in the
bronchioles as granuloma. The existence of-the emphysema in the lungs is
possibly caused by the obstruction of the luminal secretion of the trachea,
which causes the difficulty in breathing so that the overextention of the
alveoli results in emphysema. Comparing three groups of rats, the degree
of pneumonia and emphysema is more severe in Group 1, while in elder groups
there was less damages, representing their higher resistance to environmental
stress. Because of the breathing difficulty and the inflammation of the
alveolar tissue by the coil smoke, the probability of the hazard of carcino-
ma is shown to exist by the presence and the protrusion of the. rapid
proliferation of the bronchiolar epithelial cells into the lumen.
Necrosis of the .liver
The cell necrosis of the liver was found in all three groups of
rats, only differing in the swelling of the hepatocy tes, the presence of
fibroblasts, macrophages, and leukocytes, and the exudate secreted into the
sinusoids, as an indication of inflammation. The necrosis is also observed from
small areas to regional. The presence of necrosis in Group 1 was similar to
that in Group 3. Group 2 is the least affected as compared to the other
two, but the damage is still severe.
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The different degree of damage on the liver may be due to the
different degree of detoxication ability of the rats. The detoxifying ability
of the old rats is low but the effect of the coil smoke is prominent this is
slao true in the youngest rats whose defensive ability has not yet been perfectly
established.
The hydropic degeneration of the kidney
Only in the kidney are the effects of the coil smoke almost the
same in all three groups of rats. This may be due to the low proportion of
the toxic substances reaching the kidney. Once they are carried to the kidney,
the hydropic degeneration of the proximal convuluted tubules would occur. This
may not necessarily be the only cause. The ventricular dilation and the hyper-




Before the ultilization of enzyme activities in the clinical
diagnosis, disease of any organ could only be discovered when the pathological
changes or. symptoms were expressed externally. The delayed discovery and
thus medical treatment may aggravate the disease. Enzyme determination
provides a direct insight into the condition of the target organ such as the
liver, the heart, and the kidney, at the time of diagnosis thus permitting
the physician to evaluate the extent of the disease regression or progression
etc. Besides their use in a clinical aspect, the determination of enzyme
activities is also useful for the investigation of the laboratory animals*
under various treatments.
Histochemical findings show various enzymes have their specific
locations within the organism, such as leucine aminopeptidase (LAP is found
mainly in the pancreas, the liver, the muscles, the bones and the kidney
while glutamate-oxalacetate transaminase (GOT) and glutamate-pyruvate trans-
aminase (GPT) in the liver alkaline phosphataae (AP) in the bone, the placenta
and the liver and lactate dehydrogenase (LDH) is abundant in all tissues.
These enzymes, inview of their origin, can be subdivided into intracellular
and extracellular enzymes. Those in the cell sap, mitochondria and lysosomes
are examples of the former, while those in the urine, feces and serum are
included in toeh latter. It is interesting that the enzyme activities of
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any normal organism are within .a narrow range despite their multiple sites of
origin. The range may be fluctuating in two extreme age groups. Besides,
sex may also influence because of the deviation in catabolism of the
circulating materials as well as the rate at which enzymes are delivered
into the circulation (Posen, 1967)0
Due to the fact that enzymes are synthesized within the cells of
various organs, their rate of delivery into the extracellular fluid is steady.
One can use it as a criteria on clinical diagnosis. Once the tissue or
organ is damaged, these enzymes will be released into the circulation and
elevate the enzyme level in blood. This is the reason why elevation of
enzyme activities occurs during some diseases or damages of the organ. Since
the mitochondria and the cell sap are the locations of enzymes, the inflamma-
tion of the cells increases the permeability of the cell wall and causes the
increase of cell sap enzyme delivery but not that of mitochondiral origin.
As in cell necrosis, destruction of a large number of cells will be followed
by the appearance of the mitochondrial enzymes in the serum (Wilkinson, 1970).
Therefore, isolated abnormalities of any enzyme are less significant, par-cly
because of the detection deviation and partly because of less organic-specific
enzymes for a certain damage or disease. A profile of enzyme determination
becomes obligatory for an accurate diagnosis. A list of different specifi-
city fo enzymes in various organs are shown in Table 6.
The specificity and distribution of enzymes vary from tissue to
tissue, and from organ to organ. Careful selection of two or more in the
determination of the enzyme profile is necessary. Of the many serum enzymes
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Table 6
The sources and specificity of-enzymes
PRINCIPAL SOURCESENZYMES




2. Enzymes of moderate specificity
Liver, heart, skeletal muscleGlutamate oxalo ac et at e transminase.
Liver, heartIsocitrate dehydrogenase
3.- Enzymes. of. low specificity
Bone, liver, intestinal mucosa,Alkaline phosphatase
placenta, kidney
All tissues.Lactate dehydrogenase
Derived from Wilkinson, 1970
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showing increased activity in liver disease, transaminases (GOT GPT) and
alkaline phosphatase are most useful in liver function tests. The elevation
of leucine aminopeptidase (LAP) during acute hepatitis (Wroblewski La Due,
1955, 1956) and hepatic necrosis (Goldberg, 1971), together with LDH rise
in cancers and other liver diseases (Bradawill, 1963 Munjal, 1976), are
favorable for liver tests. The findings that AP, LDH and SCOT are elevated
under lung infarct also support their use in diagnosis of diseases. There-
fore, a series of enzymes such as SGOT, SGPT, LDH, LAP and AP are useful in
the evaluation of inhalation toxicology. A general description of these
enzymes are listed in Table 70
Once the enzymes leak out into the extracellular fluid, they
exist for 24-48 hours at their peak of activity. The values detected at
this period are most accurate. Then they will lose their activity for un-
known reasons. Hypothesis on the loss of activity points to the possibility
that they are inhibited by they small molecules in the circulating stream or
by antigen-antibody autoimmune reaction (Wilkinson, 1970). No matter where
they have gone, the activity after this period. decreases and the detection
for the- diagnosis is inaccurate. Therefore the time of diagnosis is of
great importance. This effect will be minimised in the tissue with continu-
ous leakage of enzymes. The newly released enzyme will be complementary with
the faded-out ones.
Besides the direct detection of the enzymes from serum and/or
urine, or homogenates of the tissue, electrophoresis and gel chromatography
are some other methods to detect the changes of isoenzymes. The changes zn
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Table 7.
General description of clinically significant enzymes.
Enzyme Location Action Serum range Response
hepatic necrosis16transfer a-amino gp. 102-l09KarmenLiver1SGOT
lung 19from Asp. to a-KG 28-40 Sigma
20
myocardial infarctio3unitto yield ketoacid
Liver disease21-35.5 Sigmatransfer a-amino gp.Liver,SGPT
Hepatic necrosis16unitfrom als. to a-KGheart
Skeletal to yield pyruvate
muscle
Myocardial infarctcv371 Iu/I15All reduce pyruvate toLDH
liver disease,tissues lactate 350--500unit/ml
malignant liver18
lung infarct 19
130-38O12 Pancreatic neoplasm9convert amides andPancreasLAP
liver hepatobiliarpeptides intoLiver10
obstruction4amino acids9,14.
Liver. diseases5,7,90.3-6.7SigmaBone,AP liberate phosphoric
20




Reference of Table 7
1. Wilkinson, 1970
2. Rutenburg, 1958. cf. Goldberg, 1971
3. La Due, 1958. cf. Goldberg, 1971
4. Goldberg, 1971
5. Posen, 1967
6. I obent, 1933. cf. Posen, 1967
7. Kaplan, 1972











19. Wolf et al., 1973
20 Sigma Bulletin, 1974
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proportion and/or activity of the isoenzymes may indicate the existence of
damages or diseases.
In the present experiment, the aim of the enzyme assay is to
evaluate the change of the enzymes after inhalation test. The activities of
SGOT, SGPT, AP, LAP and LDH in serum are estimated. Those of SGOT, LDH
and AP are consistent with the change and damage to liver (Diagnostica
Merka, 1973) and lung (Wolf et al, 1973).
2. Materials and Methods
Blood obtained from cardiac puncture as described in Section III
was centrifuged to obtain serum. Enzyme activities of serum glutamate-
oxalacetate transaminase (SGOT), serum glutamate-pyruvate transaminase (SGPT),
lactate dehydrogenase* (LDH), alkaline phosphatase (AP) 'and leucine amino-
peptidase (LAP) were detected by spectrophotometric methods.
The reagents for enzyme determinations were obtained from Sigma
Reagent Kits.. The optical density of SGOT., SGPT LDH, AP and LAP assays
was read by Spectronic 20 spectrophotometer. The detailed procedure of the
assays followed the Sigma methods as described in Sigma Technical Bulletins
Nos. 155-UV (for SGOT and SGPT), 340-UV (for LDH), 104 (for AP), and 251
(for LAP).
3. Results
The enzyme activities of SGOT, SGPT, LDH, AP and LAP are expressed
in Karmen unt (for the first two enzymes), Sigma unit (for the next two
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and G-R unit (for LAP) respectively. Student t-test was applied to test
the statistical significance between the experimental and control groups.
The results are presented in Table 8 and Figs. 50-52.
The enzyme activities of all enzymes tested were significantly
increased (p<0.05) in the treated groups,representing certain degree of
tissue damage
4. Discussions
The enzyme activities of SGOT, SGPT and LDH were elevated in
all three treated groups of rats after being exposed to the mosquito coil
smoke for 60 days. This may probably be caused by the high delivery rate of
theenzymes from their intracellular sources into the circulating stream.
Histopathological studies in Section IV showed the extreme swelling of the
hepatocytes, which will increase the permeability of the cell wall to the
enzymes. The enzyme activities may be further increased by the focal and
regional necrosis of the hepatocytes. The braeking up of the cell walls
will surely release all the cell sap soluble and mitochondrial enzymes.
Numerous studies on liver disease revealed the elevation of enzyme activities
of. SGOT and SGPT (Molander, 1955 Klaassen Plaa, 1967 Wilkinson, 1970
Grice et al, 1971 Magos et al, 1974 and Dixon et al, 1975), of LDH




The enzymatic changes of different age group of albino rats
Enzyme Treated Control increase
Group 1
SGOT 95.46± 15.66 74.92± 22.15 27.40%
SGPT 89.42± 8.19 0.24118.32 5.13*
LDH 308.33± 28.58* 15.00266.67± 30.55
LAP 87.00± 28.82* 64.25± 16.94 35.40
AP 3.66± 0.35* 3.04± 0.36 20.40
Group 2
SGOT 99..08 4.18* 85.18± 9.12 16.30%
SGPT 128.43± 24.41* 93.38± 8.38 54, 00
LDH 366.67± 15.77* 320.00± 27.35 14.00%
LAP 57.00± 16.51* 37.67 ±16.80 51.00%
3.20± 0.35
2.88 ± 0.24 11.00%AP
Group 3
SGOT 115.48± 16.00* 88.91± 14.95 29.80
SGPT 132.43± 9.12* 110.56± 9.12 37.00%
LDH 391.00± 14.14* 335.00± 17.07 16.00%
LAP 58.14± 15086* 53.00%37.80 ± 5.50
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Fig.52 The Changes of Different Enzyme Activities of Group 3 Rats.
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In the present experiment, elevation of SGPT, LDH and AP levels
is not so important in the evaluation of cell damage. SGOT is different.
About 40-50% of GOT is located in the mitochondria, thus an increased
GOT activities in serum (with respect to GPT level) is an indication of
cell damage with the involvement of mitochondria. From the results of
the present study,SGOT shows the least increase in Group 2, but with
highest increase in Group 3. This is in line with the histopathological
findings: the cell damage and necrosis is most severe in the liver of
Group 3 and less in Group 2.
De Ritis Quotient, the ratio of GOT to GPT, enables to a certain
degree a differentiation between acute hepatitis and other liver diseases.
The value of this quotient also shows the degree of damage in Group 3
(0.87) being the most severe, Group 2 (0.77) the least, and Group 1 (0.80)
in between.
Besides GOT, AP is the useful indicator of liver diseases (Gold-
berg, 1971)° The most severe damage in Group 3 is indicated by an elevation
of 93% in comparison with the 11% in Group 2 and 20.4% in Group 1. This
is further supported by LDH study. An increase of 1 of.LDH level was
found in Group 3, while the elevation was 1% and 14% in Group 1 and
Group 2 respectively.
In addition, the damage of liver cells infarct and the diseases
of the kidneys, the muscles and the lungs will also enhance enzyme elevation.
SGOT will be increased by the haemolysis of erythrocytes in lung infarct
AP will be elevated in necrosis of i tra7,-ascular endothelium and granulation
tissue LDH will be increased in destruction of the lung alveolar cells.
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The increase of these enzyme activities in Group 1 is higher than in Group
2 though the damage of the liver is nearly the same in both groups. This
may probably be due to the more severe damage of the alveolar tissue of
the lung and the trachea in Group 1 rats.
By estimating the total serum enzyme activity alone, one cannot
tell the source of the elevated enzymes, as the increased activity may be
caused by increasing the quantity of the enzyme or by activating the
enzyme or even by changing the proportion of the isoenzymes. A more
precise method such as electrophoresis.can solve this problem.
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VI General Discussion
In this project, the evaluation of the toxic effects of the
mosquito coil smoke on albino rats has been based on three major aspects:
a) the change of the growth rate and the relative organ weight, b) the
histopatholi.gical observation of the organs, and c) the changes of the
clinically important enzymes in serum. The albino rats after being
treated with mosquito coil smoke for two months, no matter how old they
were, were suffering from various degree of lack of appetite,.and tissue
damages. The enzymatic assays also support this conclusion. Although
these results are only restricted to the rats in the present experiment,
yet they may serve as an alarm to those people who are using mosquito
coils, especially the coils with harmful insecticides as the active
ingredient.
It is obvious that the damage caused by the coil smoke is most
severe in the younger rats, particularly on their respiratory system.
The hepatic tissue of the elder rats is also seriously injurred. These
may be d,e to the loser defensive ability of the young rats and the lower
detoxifying ability of the elder ones. Because of their stronger defen-
sive abilility, Group 2 rats have the least damage amongst the three.
The toxin or toxic substances from the mosquito coils are
inhaled into the respiratory system of the test ar_imas. The first
organ they contact is the trachea where the toxic substances act on
the epithelial cells and cause metaplastic changes-of the pseudostratified
ciliated columnar cells or destroy the epithelial cells. A secondary
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effect may be brought about by the air-borne viruses or bacteria, and thus
leading to the hypersecretion of the epithelial goblet cells into the lumen
of the trachea, cellular infiltration of the polymorphonunclear leukocytes
into the mucosa of the trachea and then the formation of the granuloma.
Once the inhaled substances enter the respiratory system, the trachea receives
the highest concentration of these substances and thus most severely damaged.
As the toxic substances move further inwards, they may affect the alveolar
tissue. The obstruction of the tracheal lumen by mucus and the inflammation
of the interstitial cells cause emphysema and pneumonia of the lung, leading
to reduced gas-exchang capacity of the alveolar tissue. Anoxia of the circu-
lating blood is probably caused by hyperfunction and hypertension of the
circulatory system. The liver and the kidneys are secondarily affected.
Hypertension is the triggering factor of liver cell degeneration and the
hydropic degeneration of proximal convoluted tubules. Liver and kidneys
may be affected by another route, that is the ingestion of the toxic sub-
stances deposited on the fur of the animals after licking their fur. They
will be carried- via the digestive and circulatory systems into the heart,
the liver and the kidneys, where they cause deleterious effects. No matter
how these substances enter the body, they do cause damage in the rats after
two-month exposure to the mosquito. coil smokes
From histopathological point of view, the harmful effects are not
very serious, though some regional necrosis occured in the liver and acute
bronchitis happened in the youngest rats. One must bear in mind that the
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experimental rats have been exposed to the coil smoke for 60 continuous days
within interruption. They did not have any opportunity to recover. One cannot
therefore exclude the possibility that the degree of damage might be less
severe and the situation might be improved if the rats were allowed to recover.
The relationship of damage on the organs by the mosquito coil smoke
can be shown as in Fig. 53.
The pyrethrins and allethrin were registered as safe insecticides
for use in mosquito coils.' The mammalian toxicity of pyrethrins through inha-
lation is 1000-5000 mg/kg (Carpenter, 1959 Bond Defeo, 1969 Casida, 1971
Griffin, 1973). No pathological syriptoms have even been reported on mammals
even when the concentration is Oo5 mg/m3 for 27-85 half hour periods (Carpenter
1950) or larger than 6000 mg/kg administered orally (Casida, 1971). The
LD50 of allethrin is above 600 mg/kg in male rats (Barthel, 1973), while that
of lindane is much lower (however, lindane is present in mosquito coils in
trace amount). It is surprising to see that the rats after being treated with
mosquito coil smoke for 60 days exhibit damages in various organs. The amount
of pyrethrin, allethrin and lindane inhaled was 18 mg, 13 mg and 0.2 mg respec-
tively. This amount is well below the LD50. Therefore, assumptions can be
made concerning the toxicity of the mosquito coil smoke:
1. The impurity of the insecticides used in the mosquito coils
Although the safety level of pyrethrins is higher than 1500 mg/kg
(Ambrose Robbins, 1951 Verschoyl Barnes, 1972), intraaveolar hemorrhage,
liver enlargement and liver vacuolation at the dasage of 450 mg/kg (Gaines
Kimbrough, 1968), weight loss and congestion of liver, lungs and kidneys
together with gastric inflammation at 560-800 mg/kg (Weir, 1966) were notedo
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Fig.53. Effects of mosquito coil smoke on different organs
in the treated albino rats.
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The increase of eosinophilia of cytoplasm of the liver, indicating the begin-
ping of cell necrosis by inhaling 380 mg/kg/day for 90 days (Bond Defeo, 1969),
compared with the poor appetite and weight loss in the treated rats by inhaling
5000 mg/kg of pyrethrins for 90 days (Leong Martin, 1966). The difference of
inhaled toxicity is thirteen times between 5000 ppm and 380 ppm. Toxicologists
and pathologists consider that the difference may by due to the impurity of
pyrethrins used in their experiments (Barthel, 1973)- It is worth mentioning
that the LD 50 is higher than 2600 mg/kg of the 8602 concentrat of the pyre-
thrins (Ambrose Robbins, 1951) in contrast to the 100-300 mg/kg of 22
concentrate (Hayes, 1965). The impurity of the pyrethrins of 4-fold could
cause the toxic level to increase by nine times. As the insecticides used
commercially in synthesizing the mosquito coils would not be so pure as those
used in the research laboratory, the LD50 of these insecticides would be lower
than that found in laboratory. If the long-term low-level effects are equi-
valcnt to the high dosage short-term ones as stated by Thomas Hill (1937),
the dosage of 18 mg of allethrin and 13 mg of pyrethrins may be a considerable
amount to'cause toxic effects on the rats.
2. The enhancing effects on the albino rats
The changes of the cytoplasmic hypertrophy, margination of the
basophils, increase of cytoplasmic oxyphilia and fat granules were observed in
the liver by feeding a combination of DDT, pyrethrins and piperonyl butoxide to
the rats for two weeks at a dosage of 1000 ppm for each compound (Kimborough
et al, 1968. This combined dosage of DDT, pyrethrin and piperonyl butoxide
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produced greater changes than those caused by DDT or pyrethrins alone. Since
a combination of insecticides will cause greater changes or effects, the presence
of pyrethrins, allethrin and lindane in the mosquito coil will no doubt have
enhancing effect and greater toxicity than any insecticide alone.
3. The presence of fungicides in the mosquito coils
In order to prevent the coils from being contaminated by fungi, fungi-
cides are usually incorporated into the mosquito coilso As listed in Section
II 2, 0.2% of p-nitrophenol is added as fungicide in the coil, which is equiva-
lent to 0.028 gm in each coil. The amount of p-nitrophenol is the same as alle-
thrin. It is questionable whether the toxic effects of the coil comes from the
insecticides or the fungicide or both.
4. The organic compounds from the filler and additives
The active ingredients of any mosquito coil is a very small amount
in proportion to the whole coil in contrast to the filler, which is composed of
pyrethrin marc, coconut shell flour or wood flour. The quantity of filler used
in the coil proposed by the Pyrethrum Bureau (Formulating Pyretrum, 1970) is
1% of pyrethrum mart, 50o of coconut shell. But finely ground wood or leaves
are used in Japan instead of coconut shell. The burning of wood flour or coconut
flour will evaporate a lot of organic compounds. Analysis of smoke composition
was made by burning one kilogram of mosquito coil powder provided by the Pyrethrum
Bureau, 17 gm of neutral compound, 7 gm of phenolics, 2.7 gm of acids, and 3.5
gm of basic materials were identified. Among the individual components isolated
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from these fractions were o-cresol, phenol, acetophenone, acetaldehyde and
ethulacetate (Nagasa, 1940 cf. Maciver, 1965)- Part of them are very toxic
by their threshold limited value ranging from 5 mg/m3 (o-cresol), 19 mg/m3
(phenol) to the less toxic ethylacetate (1400 mg/kg) (American Conference of
Government Industrial Hygienists, 1970). Therefore, the presence of the wood
and coconut flour in the mosquito coil should not be ignored when analysing the
causes of pathological changes.
The properties of the coil smoke is a critical problem when evaluating
the inhalation toxicity of the mosquito coils. There is difference between the
extract of the coil and its smoke, as shown by gas liquid chromatography
analysis (Lam Liu, unpublished data). This difference may be explained by the
changes of chemical properties of the components after burning. However,
because of the shortage of detailed information on the formulation of the coils,
which is a commercial secret, it is very difficult to find out the quantity
and quality of the unknown compounds.
The repelling and knockdown abilities of the mosquito coils on mosquitoes
are based on the insecticides, for instance, pyrethrins, allethrin, lindane or
even DDT. But the toxic effects of the coils on mammals may not be caused by
these low concentration of insecticides, the presence of fungicides, organic
fillers and binder may also account for such toxicity. Therefore, mosquito coils
can only be regarded as harmless to mammals as for as the insecticides are
concerned, when those other substances are taken into account, they are most
probable to cause health hazards to the mammals.
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In order to find out the ultimate source of the toxicity of the coils,
a blank coil treatment is required to assay the effects of different ingredients.
However, this type of evaluation can only be achieved by the mosquito coil
manufacturers with sophisicated research laboratory supplied with detailed
inf ormat ion.
If the hypothesis on the toxicity of the mosquito coils being the
ingredients other than insecticide is correct, the only method of getting rid
of these health hazards is to evaporate the insecticide idrectly by heat or
by electricity. There is an improved mosquito destroyer, which packs the
insecticide into a small piece called a mat. This mat is then placed on an
electric heater to evaporate the insecticide into the air to kill the insects.
The content of insecticide in each mat is quite high (5-W of allethrin by
weight) (analysed by Pyrethrum Bureau, 1976). The disadvantage of this type of
destroyer is the difficulty of maintaining a steady emission of the insecticide.
Once the temperature reaches a critical point, they will evaporate until
exhaustion. Therefore this destroyer cannot be used for a long period of time.
Besides, the cost of synthesizing a mosquito coil is far'more cheaper than that
of the electric one, particularly in developing countrie,,, where electrivity
supply is insufficient.
5. The infection on test animals
Infections are very common to albino rats, especially in the elder
ones. The damage foci after exposed to the coils for two months are susceptible
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to infections, including bacterial, viral, and by other micro-organisms. This
factor cannot be ignored.
Improvement of the experiment in future studies
1. The requirement of a blank coil
The-requirement of a blank coil is necessary for the evaluation of
the toxicity of different ingredients in the coil, without which one cannot
find out the sources of toxic effects. This type of work requires the assis-
tance of the coil manufacturers to supply both information and equipments.
2. The detection of isoenzymes instead of total enzyme activities
In the present studies, total enzyme activities were estimated.
Owing to the fact that change in'total activity can be brought about both by
the' increase of enzyme quantity and by alteration of isoen.zyme pattern, total
activity test can never elucidate whether the change is due to alteration in
quantity or kinetic parameters of the enzyme. Electrophoresis can provide
reliable information about this. It does not only give-the isoenzyme pattern,
but also indicates the origin of the altered enzymeo
3. The testing conditions
The testing conditions are very important factors in evaluating the
toxicity of a certain substance. Nutrition, age, sex, and environmental
conditions (such as temperature, humidity, etc.) are critical factors. The
increase of metabolic rate and respiratory rate are proportionate to the raise
of the ambient temperature (Prosser, 1964). The increase of metabolic rate
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will cause inhalation of more toxic substances and the increase of the humi-
dity will dissolve more inhaled substances in the respiratory tract. These
dissolved substances are more effective to the epithelial cells of the respi-
ratory tract because a film of the toxic substance with the water molecules
is coated on the epithelial surfaces. Usually, countries utilizing mos-
quito coils are located in tropical or subtropical regions where the tempera-
ture and relative humidity always exceed 25c C and 80'J. Such high moisture
content in the atmosphere will increase the soluble form of the toxic sub-
stances of the coil smoke. In the present experiment, the temperature and
humidity were kept at 23-25`C and 55-60Y/ respectively. This is considered
to be most suitable for inhalation tests (Fraser, 1959 Roe, 1964 MacFarland,
1976). However, a testing condition of high temperature and humidity is
applicable to the inhalation test of mosquito coil smoke under the same
.cl-imatic condition of the coil-using area.
Seasonal fluctuation on respiratory rate is also important but
this effect is less critical in this type of experiment because mosquito
coils are used, during the hot summer nights-and rarely used in winter. The
tenperature and relat i jrc humidity fluctuation during the summer nights Js
so minute that this factor can be eliminated.
4. Recovery
In the present experiment,the pathological changes show that the
tissue damage is not serious. Thus it is most probable that the rats may
recover after ceasation of coil smoke and under medical treatment. It is
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advisable to test the recovery progress. If possible, medical treatment should
be given to compare the difference between the nontreated and treated. groups,
5. Treated animals
The respiratory tree of rats is different from that of humans by
the fewer goblet cells in the epithelium (Coco, 1963)° Hence, the lower ability
of the rats to protect the trachea from the attack of air-borne substances is
quite understandable. Different animal models must be used to clarify the
effect of mosquito coil smoke. Monkeys are probably the most suitable animal
for such purpose because of its close relationship to men, but this procell
is quite expensive.
In addition to histopathological observations and enzymatic assays,
other parameters such as blood cell count, respiratory rate, resistance, and
compliance, etc: can also be used as criteria of toxicity test.
Most of all, the analysis of the content of the coils and its smoke
is the most imperative work to evaluate the toxicity of the mosquito coilso
Lacking these information, one cannot pin-point the source of the toxic effects
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